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TOUCH SENSING FILM STRUCTURE

This application claims the benefit of Taiwan application
Serial No. 102102358, filed Jan. 22, 2013, the disclosure of
which 1s incorporated by reference herein 1n its entirety.

TECHNICAL FIELD

The disclosure relates to a touch sensing film structure used
in a flexible display.

BACKGROUND

Flexible display, having the features of lightweight, port-
ability and rollability, 1s a focus of the next generation prod-
ucts for display panel manufacturers. In the large-scale pro-
duction flexing test of flexible display, a bending stress
applied to the control element 1s over the limit, the bending
stress may cause the tlexible display fail.

In the field of consumer electronic products, touch panels
have been widely used 1n portable electronic products. For the
users, the flexible touch display device with tortuosity and
bendability will be a technology in the manufacturing of
flexible electronic products. When the flexible substrate 1s 1n
a bending state, a film material receives a stress and deterio-
rates the electrical properties of the sensing elements. In
terms of the flexible touch display device, these changes will
make touch detection become abnormal and deteriorate the
sensitivity of detection. The flexible substrate used in the
flexible display has high water/oxygen penetration rate and 1s
susceptible to high temperature processing. Consequently,
the flexible substrate cannot avoid water/oxygen penetrating,
to the tlexible substrate, and the lifespan of the tlexible dis-
play 1s affected.

SUMMARY

According to one embodiment, a touch sensing film struc-
ture comprising a touch-sensitive device layer, a barrier layer
and a flexible substrate 1s provided. The touch-sensitive
device layer has a first surface and a second surface opposite
to the first surface. The barrier layer 1s formed on the first
surface or the second surface or integrated with the touch-
sensitive device layer to form a multi-function layer. The
flexible substrate stacks with the barrier layer and the touch-
sensitive device layer, or stacks with the multi-function layer.

According to another embodiment, a touch sensing {ilm
structure comprising a touch-sensitive device layer, a barrier
layer, a circular polarizing layer and a flexible substrate 1s
provided. The touch-sensitive device layer has a first surface
and a second surface opposite to the first surface. One of the
barrier layer and the circular polarizing layer 1s formed on the
first surface or the second surface or integrated with the
touch-sensitive device layer to form a multi-function layer.
Or, the circular polarizing layer 1s integrated with the barrier
layer to form a multi-function layer. The flexible substrate
stacks with the barrier layer, the touch-sensitive device layer
and the circular polarizing layer or stacks with the multi-
function layer.

According to an alternative embodiment, a touch sensing
f1lm structure including a touch-sensitive device layer, a bar-
rier layer, a color filter layer and a flexible substrate 1s pro-
vided. The touch-sensitive device layer has a first surface and
a second surface opposite to the first surface. One of the
barrier layer and the color filter layer 1s formed on the first
surface or the second surface or integrated with the touch-
sensitive device layer to form a multi-function layer. Or, the
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barrier layer 1s integrated with the color filter layer to form a
multi-function layer. The flexible substrate stacks with the
touch-sensitive device layer, the barrier layer and the color
filter layer or stacks with the multi-function layer.

According to another alternative embodiment, a touch
sensing {1lm structure comprising a touch-sensitive device
layer, a barrier layer, a circular polarizing layer, a color filter
layer and a flexible substrate 1s provided. The touch-sensitive
device layer has a first surface and a second surface opposite
to the first surface. One of the barrier layer, the circular
polarizing layer and the color filter layer 1s formed on the first
surface or the second surface or integrated with the touch-
sensitive device layer to form a multi-function layer. Or, two
of the barrier layer, the circular polarizing layer and the color
filter layer are integrated to form a multi-function layer. The
tflexible substrate stacks with the touch-sensitive device layer,
the barrier layer, the circular polarizing layer and the color
filter layer or stacks with the multi-function layer.

According to another alternative embodiment, a touch
sensing film structure comprising a touch-sensitive device
layer, a barrier layer, a circular polarizing layer, a color filter
layer and a flexible substrate 1s provided. Two of the touch-
sensitive device layer, the barrier layer, the circular polanzing
layer and the color filter layer are integrated to form a first
multi-function layer, and the other two are integrated to form
a second multi-function layer, or three or all of the touch-
sensitive device layer, the barrier layer, the circular polanzing
layer and the color filter layer are integrated to form a multi-
function layer. The flexible substrate stacks with the first
multi-function layer and the second multi-function layer or
stacks with the multi-function layer with three or all func-
tions.

The above and other aspects of the disclosure will become
better understood with regard to the following detailed
description but non-limiting embodiment(s). The following
description 1s made with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a touch-sensitive device
layer.

FIG. 2 1s a schematic diagram of a water/oxygen barrier
layer.

FIG. 3A 1s a schematic diagram of a circular polarizing
layer.

FIG. 3B i1s a schematic diagram of a color filter layer.

FIGS. 4A~4D respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier func-
tion.

FIGS. 5A~5F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier and
circular polarizing functions.

FIGS. 6 A~6F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier and
circular polarizing functions.

FIGS. TA~TF respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier and
circular polarizing functions.

FIGS. 8A~8F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier and
color filtering functions.

FIG. 9A~9F respectively are assembly diagrams of a touch
sensing film structure with water/oxygen barrier and color
filtering functions.
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FIGS. 10A~10F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier and

color filtering functions.

FIGS. 11A~11F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier, cir-
cular polarizing and color filtering functions.

FIGS. 12A~12F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier, cir-
cular polarizing and color filtering functions.

FIGS. 13A~13F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier, cir-
cular polarizing and color filtering functions.

FIGS. 14 A~14F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier, cir-
cular polarizing and color filtering functions.

FIGS. 15A~15F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier, cir-
cular polarizing and color filtering functions.

FIGS. 16 A~16F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier, cir-
cular polarizing and color filtering functions.

FIGS. 17A~17F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier, cir-
cular polarizing and color filtering functions.

FIGS. 18 A~18F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier, cir-
cular polarizing and color filtering functions.

FIGS. 19A~19F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier, cir-
cular polarizing and color filtering functions.

FIGS. 20A~20F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier, cir-
cular polarizing and color filtering functions.

FIGS. 21A~21F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier, cir-
cular polarizing and color filtering functions;

FIGS. 22A~22F respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier, cir-
cular polarizing and color filtering functions.

FIGS. 23A~23C respectively are assembly diagrams of a
touch sensing film structure with water/oxygen barrier, cir-
cular polarizing and color filtering functions.

FIG. 23D i1s a schematic diagram of a multi-function layer
with three or more than three functions.

FIGS. 24 A~24D respectively are schematic diagrams of a
touch sensing film structure whose barrier layer being an
inverse U-shaped structure.

FIGS. 24E~24H respectively are schematic diagrams of a
touch sensing film structure whose barrier layer being an
inverse U-shaped structure or a loop structure.

FIG. 25 1s a schematic diagram of a touch sensing film
structure disposed on a flexible display.

In the following detailed description, for purposes of
explanation, numerous specific details are set forth 1n order to
provide a thorough understanding of the disclosed embodi-
ments. It will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. In other
instances, well-known structures and devices are schemati-
cally shown 1n order to simplity the drawing.

DETAILED DESCRIPTION

A touch sensing {ilm structure used 1n a flexible display 1s
disclosed in the present disclosure. A layer with water/oxygen
barrier function, a layer with circular polarizing function
and/or a layer with color filtering function are integrated or
stack with a touch-sensitive device layer to reduce the thick-
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ness of total layers. For instance, the layers used 1n the touch-
sensitive device layer, the water/oxygen barrier layer or the
color filter layer can all be manufactured by using physical
vapor deposition, chemical vapor deposition or coating pro-
cess. Examples of the above layers are such as the transparent
conductive electrode layer and the insulating layer used in the
touch-sensitive device layer, the organic msulating layer and
the inorganic msulating layer used 1n the water/oxygen bar-
rier layer, the phase delay layer and the polarizing layer used
in the circular polanizing layer, or the planarizing layer and
the filtering element layer used 1n the color filter layer. There-
fore, in one embodiment all stacked structures of the present
embodiment can be completed on one single flexible sub-
strate to form a super-thin multi-function flexible touch film.
Besides, the approach of manufacturing a multi-function
flexible touch film on the flexible substrate by using existing
machines and coating technologies can resolve the problems
such as each interface flexibility of layers being too poor and
difficult to bend, the overall thickness being too thick and
cach bonding yield rate of layers being too low.

For example, the touch-sensitive device layer 210 as shown
in FI1G. 1 comprises two conductive electrode layers 211 and
213 and an msulating layer 2135. The conductive electrode
layers 211 and 213 can be located between two opposite sides
of the msulating layer 215. The conductive electrode layers
211 and 213 may be a single-layered or a dual-layered struc-
ture, and are not electrically connected to each other. The
insulating layer 215 can be replaced by a layer with water/
oxygen barrier function, a layer with circular polarizing func-
tion and/or a layer with color filtering function to reduce the
overall thickness of the touch sensing film structure and form
a multi-function touch-sensitive device layer.

The water/oxygen barrier layer 220 as shown 1n FIG. 2
comprises at least one organic insulating layer 221 and at least
one morganic msulating layer 223 stacking to each other. The
at least one organic insulating layer 221 or the at least one
inorganic insulating layer 223 can be replaced by a layer with
touch function, a layer with circular polarizing function and/
or a layer with color filtering function to reduce the overall
thickness of the touch sensing film structure and form a multi-
function water/oxygen barrier layer. The water/oxygen bar-
rier layer can be but not limit to a layer with water barrier
function, a layer with oxygen barrier function or a layer with
both water and oxygen barrier functions.

The circular polarizing layer 230 as shown i FIG. 3A
comprises a polarizing layer 232 and a phase delay layer 234.
A base layer without phase delay property can be interposed
between the polarizing layer 232 and the phase delay layer
234. The base layer can be a layer with water/oxygen barrier
function, a layer with touch function and/or a layer with color
filtering function to form a multi-function circular polarizing
layer.

The color filter layer 240 as shown in FIG. 3B comprises a
planarizing layer 242 and a filtering element layer 244 com-
posed of several color elements. The planarizing layer 242
can be replaced by a layer with water/oxygen barrier function,
a layer with touch function and/or a layer with polarnizing
function to reduce the overall thickness of the touch sensing
film structure and form a multi-function color filter layer.

A number of embodiments are disclosed below for elabo-
rating the disclosure. However, the embodiments of the dis-
closure are for detailed descriptions only, not for limiting the
scope of protection of the discourse. It should be noted that 1n
the accompanying drawings, the thickness of the layer does
not reflect actual dimension, and the dimension scale and
thickness of the layer can be adjusted according to actual
needs, and the discourse 1s not limited thereto.
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First Embodiment

FIGS. 4A~4D respectively are assembly diagrams of a
touch sensing film structure 101 with water/oxygen barrier
function. As indicated 1n FIG. 4 A, the touch-sensitive device
layer 210 has a first surface 212 and a second surface 214, the
water/oxygen barrier layer 220 1s formed on the first surface
212 of the touch-sensitive device layer 210, and the touch-
sensitive device layer 210 1s located between the water/oxy-
gen barrier layer 220 and the flexible substrate 250. As indi-
cated in FIG. 4B, the touch-sensitive device layer 210 1s
formed on the water/oxygen barrier layer 220, and the water/
oxygen barrier layer 220 1s located between the touch-sensi-
tive device layer 210 and the flexible substrate 250.

Asindicated 1n FIG. 4C, the water/oxygen barrier layer 220
1s contained 1n the touch-sensitive device layer 210 to form a
touch-sensitive device layer with barrier function. That is, the
insulating layer 215 of the touch-sensitive device layer 210 as
shown 1n FI1G. 1 1s replaced by the water/oxygen barrier layer
220 to form a multi-function layer (a touch-sensitive device
layer contaiming the water/oxygen barrier layer (210a)).

As 1indicated 1n FIG. 4D, the touch-sensitive device layer
210 1s contained 1n the water/oxygen barrier layer 220 to form
a water/oxygen barrier layer with touch-sensitive function.
That 1s, at least one organic insulating layer 221 or atleast one
morganic nsulating layer 223 of the water/oxygen barrier
layer 220 as shown in FIG. 2 1sreplaced by the touch-sensitive
device layer 210 to form a multi-function layer (a water/

oxygen barrier layer containing the touch-sensitive device
layer (220a)).

Second Embodiment

FIGS. SA~SF respectively are assembly diagrams of a
touch sensing film structure 102 with water/oxygen barrier
and circular polarizing functions. As indicated in FI1G. 5A, the
touch-sensitive device layer 210 has a first surface 212 and a
second surface 214, the water/oxygen barrier layer 220 1s
tormed on the first surface 212 of the touch-sensitive device
layer 210, the circular polarizing layer 230 1s located between
the touch-sensitive device layer 210 and the flexible substrate
250. Asindicated 1n FIG. 5B, the circular polarizing layer 230
1s located between the water/oxygen barrier layer 220 and the
first surface 212 of the touch-sensitive device layer 210, the
water/oxygen barrier layer 220 1s formed on the circular
polarizing layer 230, and the touch-sensitive device layer 210
1s located between the circular polarizing layer 230 and the
flexible substrate 2350.

Asindicated in FI1G. 5C, the circular polarizing layer 230 1s
contained 1n the touch-sensitive device layer 210 to form a
touch-sensitive device layer containing the circular polariz-
ing layer (2106). That 1s, the isulating layer 215 of the
touch-sensitive device layer 210 as shown i FIG. 1 1s
replaced by the circular polarizing layer 230 to form a multi-
function layer (a touch-sensitive device layer containing the
circular polarizing layer (2105)).

As 1indicated 1n FIG. 5D, the touch-sensitive device layer
210 1s contained 1n the circular polarizing layer 230 to form a
circular polarizing layer containing the touch-sensitive
device layer (230a). That 1s, a touch-sensitive device layer
210 1s interposed between the polarizing layer 232 and the
phase delay layer 234 as shown in FIG. 3A to form a multi-
function layer (a circular polanizing layer containing the
touch-sensitive device layer (230a)).

FI1G. 5C 1s different from FI1G. 5E 1n that the multi-function
layer (the touch-sensitive device layer containing the circular
polarizing layer (2105)) can be located on opposite side of the
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water/oxygen barrier layer 220. FIG. 5D 1s different from
FIG. 5F 1n that the multi-function layer (the circular polariz-
ing layer containing the touch-sensitive device layer (230a))

can be located on opposite side of the water/oxygen barrier
layer 220.

Third Embodiment

FIGS. 6 A~6F respectively are assembly diagrams of a
touch sensing film structure 103 with water/oxygen barrier
and circular polarnizing functions. As indicated in FI1G. 6 A, the
touch-sensitive device layer 210 has a first surtace 212 and a
second surface 214, the circular polarizing layer 230 1s
formed on the first surface 212 of the touch-sensitive device
layer 210, and the water/oxygen barrier layer 220 1s located
between the touch-sensitive device layer 210 and the flexible
substrate 2350. As indicated in FIG. 6B, the water/oxygen

barrier layer 220 1s located between the circular polarizing
layer 230 and the first surface 212 of the touch-sensitive
device layer 210, the circular polanizing layer 230 1s formed
on the water/oxygen barrier layer 220, and the touch-sensitive
device layer 210 1s located between the water/oxygen barrier

layer 220 and the flexible substrate 250.

As indicated in FIG. 6C, the water/oxygen barrier layer 220
1s contained 1n the touch-sensitive device layer 210 to form a
touch-sensitive device layer containing the water/oxygen bar-
rier layer (210q). That 1s, the insulating layer 2135 of the
touch-sensitive device layer 210 as shown i FIG. 1 1s
replaced by the water/oxygen barrier layer 220 to form a
multi-function layer (a touch-sensitive device layer 210a con-
taining the water/oxygen barrier layer (210a)).

As mdicated 1n FIG. 6D, the touch-sensitive device layer
210 1s contained 1n the water/oxygen barrier layer 220 to form
a water/oxygen barrier layer containing the touch-sensitive
device layer (220a). That 1s, at least one organic insulating
layer 221 or at least one morganic msulating layer 223 of the
water/oxygen barrier layer 220 as shown 1n FIG. 2 1s replaced
by the touch-sensitive device layer 210 to form a multi-func-
tion layer (a water/oxygen barrier layer contaiming the touch-
sensitive device layer (220a)).

FIG. 6C 1s different from FIG. 6E 1n that the multi-function
layer (the touch-sensitive device layer containing the water/
oxygen barrier layer (210a)) can be located on opposite side
of the circular polanizing layer 230. FI1G. 6D 1s different from
FIG. 6F 1n that the multi-function layer (the water/oxygen
barrier layer containing the touch-sensitive device layer
(220a)) can be located on opposite side of the circular polar-
1zing layer 230.

Fourth Embodiment

FIGS. TA~TF respectively are assembly diagrams of a
touch sensing film structure 104 with water/oxygen barrier
and circular polarizing functions. As indicated 1n FI1G. 7A, the
water/oxygen barrier layer 220 has a first surface 222 and a
second surface 224, the touch-sensitive device layer 210 1s
formed on the first surface 222 of the water/oxygen barrier
layer 220, the circular polarizing layer 230 1s located between
the water/oxygen barrier layer 220 and the flexible substrate
250. Asindicated in FI1G. 7B, the circular polanzing layer 230
1s located between the touch-sensitive device layer 210 and
the first surface 222 of the water/oxygen barrier layer 220, the
touch-sensitive device layer 210 1s formed on the circular
polarizing layer 230, and the water/oxygen barrier layer 220
1s located between the circular polarizing layer 230 and the
flexible substrate 250.



US 9,244,554 B2

7

Asindicated 1n FIG. 7C, the circular polarizing layer 230 1s
contained in the water/oxygen barrier layer 220 to form a
water/oxygen barrier layer containing the circular polarizing,
layer (2205). That 1s, at least one organic insulating layer 221
or at least one 1norganic nsulating layer 223 of the water/
oxygen barrier layer 220 as shown in FIG. 2 1sreplaced by the
circular polarizing layer 230 to form a multi-function layer (a
water/oxygen barrier layer containing the circular polarizing
layer (2205)).

As indicated 1n FIG. 7D, the water/oxygen barrier layer
220 1s contained 1n the circular polarizing layer 230 to form a
circular polarizing layer contaiming the water/oxygen barrier
layer (230b). That 1s, a water/oxygen barrier layer 220 1s
interposed between the polanizing layer 232 and the phase
delay layer 234 as shown 1n FIG. 3 A to form a multi-function
layer (a circular polarizing layer containing the water/oxygen
barrier layer (2305)).

FI1G. 7C 1s different from FI1G. 7E 1n that the multi-function
layer (the water/oxygen barrier layer containing the circular
polanizing layer (2206)) can be located on opposite side of the
touch-sensitive device layer 210. FIG. 7D 1s different from
FIG. 7F 1n that the multi-function layer (the circular polariz-
ing layer containing the water/oxygen barrier layer (2305))
can be located on opposite side of the touch-sensitive device

layer 210.

Fitth Embodiment

FIGS. 8A~8F respectively are assembly diagrams of a
touch sensing film structure 105 with water/oxygen barrier
and color filtering functions. As indicated 1n FIG. 8A, the
touch-sensitive device layer 210 has a first surface 212 and a
second surface 214, the water/oxygen barrier layer 220 1s
formed on the first surface 212 of the touch-sensitive device
layer 210, the color filter layer 240 1s located between the
touch-sensitive device layer 210 and the flexible substrate
250. As indicated 1in FIG. 8B, the color filter layer 240 1s
located between the water/oxygen barrier layer 220 and the
first surface 212 of the touch-sensitive device layer 210, the
water/oxygen barrier layer 220 1s formed on the color filter
layer 240, and the touch-sensitive device layer 210 1s located
between the color filter layer 240 and the flexible substrate
250.

As indicated 1n FIG. 8C, the color filter layer 240 1s con-
tained in the touch-sensitive device layer 210 to form a touch-
sensitive device layer contaiming the color filter layer (210¢).
That 1s, the insulating layer 215 of the touch-sensitive device
layer 210 as shown 1n FIG. 1 1s replaced by the color filter
layer 240 to form a multi-function layer (a touch-sensitive
device layer contaiming the color filter layer (210c¢)).

As indicated 1 FIG. 8D, the touch-sensitive device layer
210 1s contained 1n the color filter layer 240 to form a color
filter layer containing the touch-sensitive device layer (240a).
That 1s, the planarizing layer 242 of the color filter layer 240
as shown 1n FIG. 3B 1s replaced by the touch-sensitive device
layer 210 to form a multi-function layer (a color filter layer
containing the touch-sensitive device layer (240a)).

FI1G. 8C 1s different from FIG. 8E 1n that the multi-function
layer (the touch-sensitive device layer containing the color
filter layer (210c¢)) can be located on opposite side of the
water/oxygen barrier layer 220. FIG. 8D 1s different from
FIG. 8F 1n that the multi-function layer (the color filter layer

containing the touch-sensitive device layer (240a)) can be
located on opposite side of the water/oxygen barrier layer

220.

Sixth Embodiment

FIGS. 9A~9F respectively are assembly diagrams of a
touch sensing film structure 106 with water/oxygen barrier
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and color filtering functions. As indicated 1n FIG. 9A, the
touch-sensitive device layer 210 has a first surface 212 and a

second surface 214, the color filter layer 240 1s formed on the
first surface 212 of the touch-sensitive device layer 210, the
water/oxygen barrier layer 220 1s located between the touch-
sensitive device layer 210 and the tlexible substrate 250. As
indicated 1 FIG. 9B, the water/oxygen barrier layer 220 1s
located between the color filter layer 240 and the first surface
212 of the touch-sensitive device layer 210, the color filter
layer 240 1s formed on the water/oxygen barrier layer 220,
and the touch-sensitive device layer 210 1s located between
the water/oxygen barrier layer 220 and the flexible substrate
250.

As idicated in FI1G. 9C, the water/oxygen barrier layer 220
1s contained 1n the touch-sensitive device layer 210 to form a
touch-sensitive device layer containing the water/oxygen bar-
rier layer (210q). That 1s, the insulating layer 2135 of the
touch-sensitive device layer 210 as shown i FIG. 1 1s
replaced by the water/oxygen barrier layer 220 to form a
multi-function layer (a touch-sensitive device layer contain-
ing the water/oxygen barrier layer (210a)).

As mdicated 1n FIG. 9D, the touch-sensitive device layer
210 1s contained 1n the water/oxygen barrier layer 220 to form
a water/oxygen barrier layer containing the touch-sensitive
device layer (220a). That 1s, at least one organic insulating
layer 221 or at least one mnorganic msulating layer 223 of the
water/oxygen barrier layer 220 as shown in FIG. 2 1s replaced
by the touch-sensitive device layer 210 to form a multi-func-
tion layer (a water/oxygen barrier layer contaiming the touch-
sensitive device layer (220a)).

FI1G. 9C 1s different from FI1G. 9E in that the multi-function
layer (the touch-sensitive device layer containing the water/
oxygen barrier layer (210a)) can be located on opposite side
of the color filter layer 240. F1G. 9D 1s different from FI1G. 9F
in that the multi-function layer (the water/oxygen barrier
layer contaiming the touch-sensitive device layer (220a)) can
be located on opposite side of the color filter layer 240.

Seventh Embodiment

FIGS. 10A~10F respectively are assembly diagrams of a
touch sensing film structure 107 with water/oxygen barrier
and color filtering functions. As indicated in FIG. 10A, the
water/oxygen barrier layer 220 has a first surface 222 and a
second surface 224, the touch-sensitive device layer 210 1s
formed on the first surface 222 of the water/oxygen barrier
layer 220, the color filter layer 240 1s located between the
water/oxygen barrier layer 220 and the flexible substrate 250.
As indicated 1n FIG. 10B, the color filter layer 240 1s located
between the touch-sensitive device layer 210 and the first
surface 222 of the water/oxygen barrier layer 220, the touch-
sensitive device layer 210 1s formed on the color filter layer
240, and the water/oxygen barrier layer 220 1s located
between the color filter layer 240 and the flexible substrate
250.

As indicated 1n FIG. 100, the color filter layer 240 1s con-
tained 1n the water/oxygen barrier layer 220 to form a water/
oxygen barrier layer containing the color filter layer (220c¢).
That 1s, at least one organic insulating layer 221 or atleast one
inorganic nsulating layer 223 of the water/oxygen barrier
layer 220 as shown 1n FIG. 2 1s replaced by the color filter
layer 240 to form a multi-function layer (a water/oxygen
barrier layer containing the color filter layer (220c¢)).

As imndicated 1n FIG. 10D, the water/oxygen barrier layer
220 1s contained 1n the color filter layer 240 to form a color
filter layer containing the water/oxygen barrier layer (2405).
That 1s, the plananzing layer 242 as shown in FIG. 3B 1s
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replaced by the water/oxygen barrier layer 220 to form a
multi-function layer (a color filter layer containing the water/

oxygen barrier layer (2405)).
FIG. 100 1s different from FIG. 10E 1n that the multi-

function layer (the water/oxygen barrier layer containing the
color filter layer (220¢)) can be located on opposite side of the
touch-sensitive device layer 210. FIG. 10D 1s different from
FIG. 10F 1n that the multi-tfunction layer (the color filter layer
contaiming the water/oxygen barrier layer (2406)) can be
located on opposite side of the touch-sensitive device layer

210.

Eighth Embodiment

FIGS. 11A~11F respectively are assembly diagrams of a
touch sensing film structure 108 with water/oxygen barrier,
circular polarizing and color filtering functions. As indicated
in FIG. 11A, the touch-sensitive device layer 210 has a {first
surface 212 and a second surface 214, the water/oxygen bar-
rier layer 220 1s formed on the first surface 212 of the touch-
sensitive device layer 210, the color filter layer 240 1s located
between the touch-sensitive device layer 210 and the circular
polarizing layer 230, and the circular polanizing layer 230 1s
located between the color filter layer 240 and the flexible
substrate 250. Or, as indicated 1n FIG. 11D, the circular polar-
1zing layer 230 1s located between the touch-sensitive device
layer 210 and the color filter layer 240, and the color filter
layer 240 1s located between the circular polarizing layer 230
and the flexible substrate 250.

As indicated in FIG. 11B, the water/oxygen barrier layer
220 1s formed on the color filter layer 240, the touch-sensitive
device layer 210 1s located between the color filter layer 240
and the circular polarizing layer 230, the circular polarizing
layer 230 1s located between the touch-sensitive device layer
210 and the flexible substrate 250. Or, as indicated 1n FIG.
11E, the circular polanizing layer 230 1s located between the
water/oxygen barrier layer 220 and the first surtace 212 of the
touch-sensitive device layer 210, the color filter layer 240 1s
located between the touch-sensitive device layer 210 and the
flexible substrate 250.

As indicated 1n FIG. 11C, the color filter layer 240 1s
located between the water/oxygen barrier layer 220 and the
circular polanizing layer 230, the circular polarnizing layer 230
1s located between the color filter layer 240 and the first
surface 212 of the touch-sensitive device layer 210, and the
touch-sensitive device layer 210 1s located between the cir-
cular polarizing layer 230 and the flexible substrate 250. Or,
as indicated 1n FIG. 11F, the color filter layer 240 1s located
between the circular polarizing layer 230 and the first surface
212 of the touch-sensitive device layer 210, and the touch-

sensitive device layer 210 1s located between the color filter
layer 240 and the flexible substrate 250.

Ninth Embodiment

FIGS. 12A~12F respectively are assembly diagrams of a
touch sensing film structure 109 with water/oxygen barrier,
circular polanizing and color filtering functions. As indicated
in FI1G. 12 A, the color filter layer 240 can be contained in the
touch-sensitive device layer 210 to form a touch-sensitive
device layer 210¢ containing the color filter layer 240, that 1s,
a multi-function layer located between the water/oxygen bar-
rier layer 220 and the circular polarizing layer 230. Or, as
indicated 1 FIG. 12D, the multi-function layer (the touch-
sensitive device layer 210¢ containing the color filter layer) 1s
located between the circular polarizing layer 230 and the
flexible substrate 250.
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As mdicated 1n FIG. 12B, the circular polarizing layer 230
can be contained 1n the touch-sensitive device layer 210 to
form a touch-sensitive device layer containing the circular
polarizing layer (21054), that 1s, a multi-function layer located
between the water/oxygen barrier layer 220 and the color
filter layer 240. Or, as indicated in FIG. 12E, the multi-
function layer (the touch-sensitive device layer containing the
circular polanizing layer (21056)) 1s located between the color
filter layer 240 and the flexible substrate 250.

As idicated in FIG. 12C, the circular polanzing layer 230
can be contained 1n the color filter layer 240 to form a color
filter layer containing the circular polarizing layer 230, that is,
a multi-function layer located between the water/oxygen bar-
rier layer 220 and the touch-sensitive device layer 210. Or, as
indicated 1n FIG. 12F, the multi-function layer (the color filter
layer containing the circular polarizing layer (240c¢)) 1s
located between the touch-sensitive device layer 210 and the
tflexible substrate 250.

Tenth Embodiment

FIGS. 13A~13F respectively are assembly diagrams of a
touch sensing film structure 110 with water/oxygen barrier,
circular polarnizing and color filtering functions. As indicated
in FIG. 13A, the touch-sensitive device layer 210 can be
contained 1n the color filter layer 240 to form a color filter
layer containing the touch-sensitive device layer (240a), that
1s, a multi-function layer 1s located between the water/oxygen
barrier layer 220 and the circular polanzing layer 230. Or, as
indicated 1n FIG. 13D, the multi-function layer (the color
filter layer containing the touch-sensitive device layer (240a))
1s located between the circular polarizing layer 230 and the
flexible substrate 250.

As mdicated 1n FIG. 13B, the touch-sensitive device layer
210 can be contained 1n the circular polarizing layer 230 to
form a circular polarizing layer contaiming the touch-sensitive
device layer (230q), that 1s, a multi-function layer 1s located
between the water/oxygen barrier layer 220 and the color
filter layer 240. Or, as indicated in FIG. 13E, the multi-
function layer (the circular polarizing layer containing the
touch-sensitive device layer (230a)) 1s located between the
color filter layer 240 and the flexible substrate 250.

As mdicated in FIG. 13C, the color filter layer 240 can be
contained 1n the circular polarizing layer 230 to form a cir-
cular polarizing layer containing the color filter layer (230c¢),
that 1s, a multi-function layer 1s located between the water/
oxygen barrier layer 220 and the touch-sensitive device layer
210. Or, as indicated 1n FIG. 13F, the multi-function layer (the
circular polarizing layer containing the color filter layer
(230¢)) 1s located between the touch-sensitive device layer

210 and the flexible substrate 250.

Eleventh Embodiment

FIGS. 14A~14F respectively are assembly diagrams of a
touch sensing film structure 111 with water/oxygen barrier,
circular polarnizing and color filtering functions. As indicated
in FIG. 14 A, the touch-sensitive device layer 210 has a first
surface 212 and a second surface 214, the color filter layer 240
1s formed on the first surface 212 of the touch-sensitive device
layer 210, the water/oxygen barrier layer 220 is located
between the touch-sensitive device layer 210 and the circular
polarizing layer 230, and the circular polarizing layer 230 1s
located between the water/oxygen barrier layer 220 and the
flexible substrate 250. Or, as indicated in FIG. 14D, the cir-
cular polarizing layer 230 1s located between the touch-sen-
sitive device layer 210 and the water/oxygen barrier layer
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220, and the water/oxygen barrier layer 220 i1s located
between the circular polarizing layer 230 and the flexible
substrate 250.

As 1ndicated in FIG. 14B, the color filter layer 240 1s

formed on the water/oxygen barrier layer 220, the water/
oxygen barrier layver 220 1s formed on the first surface 212 of
the touch-sensitive device layer 210, the circular polarizing
layer 230 1s located between the touch-sensitive device layer
210 and the flexible substrate 250. Or, as indicated 1n FIG.
14E, the circular polarizing layer 230 1s formed on the first
surface 212 of the touch-sensitive device layer 210, the water/
oxygen barrier layer 220 1s located between the touch-sensi-
tive device layer 210 and the flexible substrate 2350.

As indicated 1n FIG. 14C, the water/oxygen barrier layer
220 1s located between the color filter layer 240 and the
circular polarizing layer 230, the circular polarizing layer 230
1s located between the water/oxygen barrier layer 220 and the
first surface 212 of the touch-sensitive device layer 210, and
the touch-sensitive device layer 210 1s located between the
circular polarizing layer 230 and the flexible substrate 250.
Or, as 1indicated in FIG. 14F, the water/oxygen barrier layer
220 1s located between the circular polarizing layer 230 and
the first surface 212 of the touch-sensitive device layer 210,
and the touch-sensitive device layer 210 1s located between

the water/oxygen barrier layer 220 and the flexible substrate
250.

Tweltth Embodiment

FIGS. 15A~15F respectively are assembly diagrams of a
touch sensing film structure 112 with water/oxygen barrier,
circular polarizing and color filtering functions. As indicated
in FIG. 15A, the water/oxygen barrier layer 220 can be con-
tained in the touch-sensitive device layer 210 to form a touch-
sensitive device layer containing the water/oxygen barrier
layer (210a), that 1s, a multi-function layer 1s located between
the color filter layer 240 and the circular polarizing layer 230.
Or, as indicated 1n FIG. 15D, the multi-function layer (the
touch-sensitive device layer containing the water/oxygen bar-
rier layer (210a)) 1s located between the circular polarizing
layer 230 and the flexible substrate 250.

As indicated in FIG. 15B, the circular polarizing layer 230
can be contained 1n the touch-sensitive device layer 210 to
form a touch-sensitive device layer containing the circular
polarizing layer (21056), that 1s, a multi-function layer 1s
located between the water/oxygen barrier layer 220 and the
color filter layer 240. Or, as indicated 1n FIG. 15E, the multi-
tunction layer (the touch-sensitive device layer containing the
circular polarizing layer (2106)) 1s located between the water/
oxygen barrier layer 220 and the flexible substrate 250.

As indicated 1n FIG. 15C, the circular polarizing layer 230
can be contained in the water/oxygen barrier layer 220 to
form a water/oxygen barrier layer contamning the circular
polarizing layer (22056), that 1s, a multi-function layer 1s
located between the color filter layer 240 and the touch-
sensitive device layer 210. Or, as indicated 1n FIG. 15F, the
multi-function layer (the water/oxygen barrier layer contain-
ing the circular polanzing layer (2205)) 1s located between
the touch-sensitive device layer 210 and the flexible substrate

2350.

Thirteenth Embodiment

FIGS. 16 A~16F respectively are assembly diagrams of a
touch sensing film structure 113 with water/oxygen barrier,
circular polarizing and color filtering functions. As indicated
in FIG. 16A, the touch-sensitive device layer 210 can be
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contained 1n the water/oxygen barrier layer 220 to form a
water/oxygen barrier layer containing the touch-sensitive
device layer (220a), that 1s, a multi-function layer 1s located
between the color filter layer 240 and the circular polarizing
layer 230. Or, as indicated 1n FIG. 16D, the multi-function
layer (the water/oxygen barrier layer containing the touch-
sensitive device layer (220a)) 1s located between the circular
polarizing layer 230 and the tlexible substrate 250.

As mdicated 1n FIG. 16B, the touch-sensitive device layer
210 can be contained 1n the circular polarizing layer 230 to
form a circular polarizing layer containing the touch-sensitive
device layer (230q), that 1s, a multi-function layer 1s located
between the water/oxygen barrier layer 220 and the color
filter layer 240. Or, as indicated in FIG. 16E, the multi-
function layer (the circular polarizing layer containing the
touch-sensitive device layer (230a)) 1s located between the
water/oxygen barrier layer 220 and the flexible substrate 250.

As mdicated 1n FIG. 16C, the water/oxygen barrier layer
220 can be contained 1n the circular polarizing layer 230 to
form a circular polarizing layer containing the water/oxygen
barrier layer (2305), that 1s, a multi-function layer 1s located

between the color filter layer 240 and the touch-sensitive
device layer 210. Or, as indicated in FIG. 16F, the multi-
function layer (the circular polarizing layer containing the
water/oxygen barrier layer (2305)) 1s located between the

touch-sensitive device layer 210 and the flexible substrate
250.

Fourteenth Embodiment

FIGS. 17A~17F respectively are assembly diagrams of a
touch sensing film structure 114 with water/oxygen barrier,
circular polarizing and color filtering functions. As indicated
in FIG. 17A, the touch-sensitive device layer 210 has a {first
surface 212 and a second surface 214, the circular polarizing
layer 230 1s formed on the touch-sensitive device layer 210,
the color filter layer 240 1s located between the second surface
214 of the touch-sensitive device layer 210 and the water/
oxygen barrier layer 220, the water/oxygen barrier layer 220
1s located between the color filter layer 240 and the flexible
substrate 250. Or, as indicated 1n FIG. 17D, the water/oxygen
barrier layer 220 1s located between the touch-sensitive
device layer 210 and the color filter layer 240, and the color
filter layer 240 1s located between the water/oxygen barrier
layer 220 and the flexible substrate 250.

As indicated in FIG. 17B, the circular polanizing layer 230
1s formed on the color filter layer 240, the touch-sensitive
device layer 210 1s located between the color filter layer 240
and the water/oxygen barrier layer 220, the water/oxygen
barrier layer 220 1s located between the touch-sensitive
device layer 210 and the flexible substrate 250. Or, as 1ndi-
cated in FIG. 17E, the water/oxygen barrier layer 220 1s
located between the circular polarizing layer 230 and the first
surface 212 of the touch-sensitive device layer 210, the color
filter layer 240 1s located between the touch-sensitive device
layer 210 and the flexible substrate 250.

As 1ndicated 1n FIG. 17C, the color filter layer 240 1s
located between the circular polarizing layer 230 and the
water/oxygen barrier layer 220, the water/oxygen barrier
layer 220 1s located between the color filter layer 240 and the
first surface 212 of the touch-sensitive device layer 210, and
the touch-sensitive device layer 210 1s located between the
water/oxygen barrier layer 220 and the flexible substrate 250.
Or, as indicated in FIG. 17F, the color filter layer 240 1s
formed between the water/oxygen barrier layer 220 and the
first surface 212 of the touch-sensitive device layer 210, and
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the touch-sensitive device layer 210 1s located between the
color filter layer 240 and the flexible substrate 250.

Fifteenth Embodiment

FIGS. 18A~18F respectively are assembly diagrams of a
touch sensing film structure 115 with water/oxygen barrier,
circular polarnizing and color filtering functions. As indicated
in FIG. 18 A, the color filter layer 240 can be contained in the
touch-sensitive device layer 210 to form a touch-sensitive
device layer containing the color filter layer (210c¢), that 1s, a
multi-function layer i1s located between the circular polariz-
ing layer 230 and the water/oxygen barrier layer 220. Or, as
indicated 1 FIG. 18D, the multi-function layer (the touch-
sensitive device layer containing the color filter layer (210c¢))
1s located between the water/oxygen barrier layer 220 and the
flexible substrate 250.

As indicated in FI1G. 18B, the water/oxygen barrier layer
220 can be contained 1n the touch-sensitive device layer 210
to form a touch-sensitive device layer containing the water/
oxygen barrier layer (210a), that 1s, a multi-function layer 1s
located between the circular polarizing layer 230 and the
color filter layer 240. Or, as indicated in FIG. 18E, the multi-
tunction layer (the touch-sensitive device layer containing the
water/oxygen barrier layer (210a)) 1s located between the
color filter layer 240 and the flexible substrate 250.

As indicated 1in FIG. 18C, the water/oxygen barrier layer

220 can be contained 1n the color filter layer 240 to form a
color filter layer containing the water/oxygen barrier layer
(240b), that 1s, a multi-function layer 1s located between the
circular polarizing layer 230 and the touch-sensitive device
layer 210. Or, as indicated in FIG. 18F, the multi-function
layer (the color filter layer containing the water/oxygen bar-
rier layer (2405)) 1s located between the touch-sensitive
device layer 210 and the flexible substrate 250.

Sixteenth Embodiment

FIGS. 19A~19F respectively are assembly diagrams of a
touch sensing film structure 116 with water/oxygen barrier,
circular polanizing and color filtering functions. As indicated
in FIG. 19A, the touch-sensitive device layer 210 can be
contained in the color filter layer 240 to form a color filter
layer containing the touch-sensitive device layer (240a), that
1s, a multi-function layer i1s located between the circular
polarizing layer 230 and the water/oxygen barrier layer 220.
Or, as 1ndicated 1 FIG. 19D, the multi-function layer (the
color filter layer containing the touch-sensitive device layer
(240a)) 1s located between the water/oxygen barrier layer 220
and the flexible substrate 250.

As indicated 1n FIG. 19B, the touch-sensitive device layer
210 can be contained in the water/oxygen barrier layer 220 to
form a water/oxygen barrier layer containing the touch-sen-
sitive device layer (220a), that 1s, a multi-function layer 1s
located between the circular polarizing layer 230 and the
color filter layer 240. Or, as indicated 1n FIG. 19E, the multi-
function layer (the water/oxygen barrier layer containing the
touch-sensitive device layer (220a)) 1s located between the
color filter layer 240 and the flexible substrate 250.

As indicated 1n FIG. 19C, the color filter layer 240 can be
contained in the water/oxygen barrier layer 220 to form a
water/oxygen barrier layer containing the color filter layer
(220c¢), that 1s, a multi-function layer 1s located between the
circular polarizing layer 230 and the touch-sensitive device
layer 210. Or, as mndicated in FIG. 19F, the multi-function
layer (the water/oxygen barrier layer containing the color
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filter layer (220c¢)) 1s located between the touch-sensitive
device layer 210 and the flexible substrate 250.

Seventh Embodiment

FIGS. 20A~20F respectively are assembly diagrams of a
touch sensing film structure 117 with water/oxygen barrier,
circular polarizing and color filtering functions. As indicated
in FIG. 20A, the water/oxygen barrier layer 220 has a first
surface 222 and a second surface 224, the touch-sensitive
device layer 210 1s formed on the first surtace 222 of the
water/oxygen barrier layer 220, the color filter layer 240 1s
located between the water/oxygen barrier layer 220 and the
circular polarizing layer 230, and the circular polarizing layer
230 1s located between the color filter layer 240 and the
flexible substrate 250. Or, as indicated in FIG. 20D, the cir-
cular polarnizing layer 230 1s located between the water/oxy-
gen barrier layer 220 and the color filter layer 240, and the
color filter layer 240 1s located between the circular polariz-
ing layer 230 and the flexible substrate 2350.

As mndicated 1n FIG. 20B, the touch-sensitive device layer
210 1s formed on the color filter layer 240, the water/oxygen
barrier layer 220 1s located between the color filter layer 240
and the circular polanzing layer 230, the circular polarizing
layer 230 1s located between the water/oxygen barrier layer
220 and the flexible substrate 250. Or, as indicated 1n FIG.
20E, the circular polarizing layer 230 1s located between the
touch-sensitive device layer 210 and the first surface 222 of
the water/oxygen barrier layer 220, the color filter layer 240 1s

located between the water/oxygen barrier layer 220 and the
flexible substrate 250.

As indicated in FIG. 20C, the color filter layer 240 1s
located between the touch-sensitive device layer 210 and the
circular polarizing layer 230, the circular polarizing layer 230
1s located between the color filter layer 240 and the first
surface 222 of the water/oxygen barrier layer 220, and the
water/oxygen barrier layer 220 1s located between the circular
polarizing layer 230 and the flexible substrate 250. Or, as
indicated 1 FIG. 20F, the color filter layer 240 1s formed
between the circular polarizing layer 230 and the first surface
222 of the water/oxygen barrier layer 220, and the water/

oxygen barrier layer 220 1s located between the color filter
layer 240 and the flexible substrate 250.

Eighteenth Embodiment

FIGS. 21A~21F respectively are assembly diagrams of a
touch sensing film structure 118 with water/oxygen barrier,
circular polarizing and color filtering functions. As indicated
in FI1G. 21A, the color filter layer 240 can be contained 1n the
water/oxygen barrier layer 220 to form a water/oxygen bar-
rier layer containing the color filter layer (220c¢), that 1s, a
multi-function layer 1s located between the touch-sensitive
device layer 210 and the circular polarizing layer 230. Or, as
indicated 1n FIG. 21D, the multi-function layer (the water/
oxygen barrier layer containing the color filter layer (220c¢)) 1s
located between the circular polarizing layer 230 and the
flexible substrate 250.

As mdicated in FIG. 21B, the circular polanizing layer 230
can be contained 1n the water/oxygen barrier layer 220 to
form a water/oxygen barrier layer containing the circular
polarizing layer (22056), that 1s, a multi-function layer 1s
located between the touch-sensitive device layer 210 and the
color filter layer 240. Or, as indicated 1n FIG. 21E, the multi-
function layer (the water/oxygen barrier layer containing the
circular polarizing layer (22056)) 1s located between the color

filter layer 240 and the flexible substrate 250.
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As indicated 1n FIG. 21C, the circular polarizing layer 230
can be contained 1n the color filter layer 240 to form a color
filter layer containing the circular polarizing layer (240¢), that
1s, a multi-function layer 1s located between the touch-sensi-
tive device layer 210 and the water/oxygen barrier layer 220.
Or, as indicated 1n FIG. 21F, the multi-function layer (the
color filter layer containing the circular polarizing layer
(240c¢)) 1s located between the water/oxygen barrier layer 220
and the flexible substrate 250.

Nineteenth Embodiment

FIGS. 22A~22F respectively are assembly diagrams of a
touch sensing film structure 119 with water/oxygen barrier,
circular polarizing and color filtering functions. As indicated
in FI1G. 22 A, the water/oxygen barrier layer 220 can be con-
tained 1n the color filter layer 240 to form a color filter layer
containing the water/oxygen barrier layer (24056), that 1s, a
multi-function layer 1s located between the touch-sensitive
device layer 210 and the circular polarizing layer 230. Or, as
indicated 1n FIG. 22D, the multi-function layer (the color
filter layer containing the water/oxygen barrier layer (2405))
1s located between the circular polarizing layer 230 and the
tflexible substrate 250.

As indicated 1n FIG. 22B, the water/oxygen barrier layer
220 can be contained 1n the circular polarizing layer 230 to
form a circular polarizing layer containing the water/oxygen
barrier layer (2305), that 1s, a multi-function layer 1s located
between the touch-sensitive device layer 210 and the color
filter layer 240. Or, as indicated in FIG. 22E, the multi-
function layer (the circular polarizing layer containing the
water/oxygen barrier layer (2305)) 1s located between the
color filter layer 240 and the flexible substrate 250.

As indicated 1n FIG. 22C, the color filter layer 240 can be
contained 1n the circular polarizing layer 230 to form a cir-
cular polarizing layer containing the color filter layer (230c¢),
that 1s, a multi-function layer 1s located between the touch-
sensitive device layer 210 and the water/oxygen barrier layer
220. Or, as indicated 1n FIG. 22F, the multi-function layer (the
circular polarizing layer containing the color filter layer
(230c¢)) 15 located between the water/oxygen barrier layer 220
and the flexible substrate 250.

Twentieth Embodiment

FIGS. 23A~23C respectively are assembly diagrams of a
touch sensing film structure 120 with water/oxygen barrier,
circular polarizing and color filtering functions. As indicated
in FIG. 23A, the touch-sensitive device layer 210 can be
integrated with the water/oxygen barrier layer 220 to form a
first multi-function layer 201a with touch-sensitive and bar-
rier functions, and the color filter layer 240 can be integrated
with the circular polarizing layer 230 to form a second multi-
tfunction layer 2015 with color filtering and circular polariz-
ing functions.

Or, as indicated 1n FIG. 23B, the touch-sensitive device
layer 210 can be integrated with the circular polarizing layer
230 to form a first multi-function layer 202a with touch-
sensitive and circular polarizing functions, and the color filter
layer 240 can be integrated with the water/oxygen barrier
layer 220 to form a second multi-function layer 2025 with
color filtering and barrier functions.

Or, as indicated 1n FIG. 23C, the touch-sensitive device
layer 210 can be mtegrated with the color filter layer 240 to
form a first multi-function layer 203a with touch-sensitive
and color filtering functions, and the circular polarizing layer
230 can be integrated with the water/oxygen barrier layer 220
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to form a second multi-function layer 2035 with circular
polarizing and water/oxygen barrier functions. The first and
the second multi-function layers can stack with the flexible
substrate 250, but the sequence of stack 1s not restrictive.
FIG. 23D 1s a schematic diagram of a multi-function layer
203¢ with three or more than three functions. For example,
the touch-sensitive device layer 210 can be integrated with the
water/oxygen barrier layer 220 and the circular polarizing
layer 230 to form a multi-function layer 203¢ with touch-
sensitive, water/oxygen barrier and circular polarizing func-
tions. Or, the touch-sensitive device layer 210 can be inte-
grated with the water/oxygen barrier layer 220 and the color
filtering layer 240 to form a multi-function layer 203¢ with
touch-sensitive, water/oxygen barrier and color filtering
functions. Or, the water/oxygen barrier layer 220 can be inte-
grated with the circular polarizing layer 230 and the color
filtering layer 240 to form a multi-function layer 203¢ with
water/oxygen barrier, circular polanzing and color filtering
functions. Or, the touch-sensitive device layer 210 can be
integrated with the circular polarizing layer 230 and the color
filtering layer 240 to form a multi-function layer 203¢ with
touch-sensitive, circular polarizing and color filtering func-
tions. Therefore, three or all of touch-sensitive device layer
210, the water/oxygen barrier layer 220, the circular polariz-
ing layer 230 and the color filtering layer 240 can be inte-
grated to form a multi-function layer 203¢ with three or all
functions, and stack with the flexible substrate 250.

Twenty-First Embodiment

FIGS. 24 A~24D respectively are schematic diagrams of a
touch sensing film structure 121 whose water/oxygen barrier
layer 220 being an inverse U-shaped structure. As indicated 1n
FIG. 24 A, the touch sensing film structure comprises a touch-
sensitive device layer 210, a water/oxygen barrier layer 220
and a tlexible substrate 250. The water/oxygen barrier layer
220 encapsulates the touch-sensitive device layer 210 to
avold water and/or oxygen infiltrating to the touch sensing
film structure 121 via the side surfaces of the touch-sensitive
device layer 210. That 1s, the water/oxygen barrier layer 220
may comprise a top water/oxygen barrier layer 2204 and a
peripheral water/oxygen barrier layer 220e, respectively cov-

ering a top side and lateral sides of the touch-sensitive device
layer 210.

As mdicated i FIG. 24B, the touch sensing film structure
121 comprises a touch-sensitive device layer 210, a water/
oxygen barrier layer 220, a circular polarizing layer 230 and
a flexible substrate 250. The water/oxygen barrier layer 220
encapsulates the touch-sensitive device layer 210 and the
circular polarizing layer 230 or a multi-function layer (not
illustrated) formed by integrating the circular polarizing layer
230 with the touch-sensitive device layer 210. Then, the
above layers further stack with the flexible substrate 250 to
avold water and/or oxygen infiltrating to the touch sensing
film structure 121 via the side surfaces of the touch-sensitive
device layer 210 and/or the circular polanizing layer 230.

As mdicated i FIG. 24C, the touch sensing film structure
121 comprises a touch-sensitive device layer 210, a water/
oxygen barrier layer 220, a color filter layer 240 and a flexible
substrate 250. The water/oxygen barrier layer 220 encapsu-
lates the touch-sensitive device layer 210 and the color filter
layer 240 or a multi-function layer (not 1llustrated) formed by
integrating the color filter layer 240 with the touch-sensitive
device layer 210. Then, the above layers further stack with the
flexible substrate 250 to avoid water and/or oxygen 1nfiltrat-
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ing to the touch sensing film structure 121 via the side sur-
taces of the touch-sensitive device layer 210 and/or the color
filter layer 240.

As mdicated 1n FI1G. 24D, the touch sensing film structure
121 comprises a touch-sensitive device layer 210, a water/
oxygen barrier layer 220, a circular polarizing layer 230, a
color filter layer 240 and a flexible substrate 250. The water/
oxygen barrier layer 220 encapsulates the touch-sensitive
device layer 210, the circular polarizing layer 230, the color
filter layer 240 or a multi-function layer (not illustrated)
formed by integrating one of the circular polarizing layer 230
and the color filter layer 240 with the touch-sensitive device
layer 210 or a multi-function layer (not 1llustrated) formed by
integrating the circular polarizing layer 230 with the color
filter layer 240. Then, the above layers further stack with the
flexible substrate 250 to avoid water and/or oxygen 1nfiltrat-
ing to the touch sensing film structure 121 via the side sur-
faces of the touch-sensitive device layer 210, the circular
polanizing layer 230 and/or the color filter layer 240.

As indicated in FIG. 24E, which 1llustrates a touch sensing
f1lm structure 122 having an inverse U-shaped structure 204c.
The mnverse U-shaped structure 204¢ comprises a top water/
oxygen barrier layer 2204 and a peripheral water/oxygen
barrier layer 220e. The top water/oxygen barrier layer 220d
covers a top side of stacked layers 204 according to any type
ol stacked structures illustrated from the first embodiment to
the twentieth embodiment and the peripheral water/oxygen
barrier layer 220e. The peripheral water/oxygen barrier layer
220e covers around the stacked layers 204 and the flexible
substrate 250 to avoid water and/or oxygen infiltrating via the
top side and lateral sides of the stacked layers 204 and the
flexible substrate 250.

As indicated in FIG. 24F, which illustrates a touch sensing
film structure 122 having a loop barrier structure 2044. The
loop barrier structure 2044 comprises a top water/oxygen
barrier layer 220d, a peripheral water/oxygen barrier layer
220¢ and a bottom water/oxygen barrier layer 220f. The bot-
tom water/oxygen barrier layer 220/ 1s disposed under a bot-
tom side of the flexible substrate 250 to avoid water and/or
oxygen infiltrating via the bottom side of the flexible substrate
250.

As indicated 1n FIG. 24G, the touch sensing film structure
122 comprises a first multi-function layer 204a, a second
multi-function layer 2045, a flexible substrate 250 and an
inverse U-shaped structure 204¢. The inverse U-shaped struc-
ture 204¢ comprises a top water/oxygen barrier layer 220d
and a peripheral water/oxygen barrier layer 220e. The top
water/oxygen barrier layer 220d covers a top side of the first
multi-function layer 204a according to any type of configu-
rations 1illustrated in the twentieth embodiment and the
peripheral water/oxygen barrier layer 220e. The peripheral
water/oxygen barrier layer 220e covers around the first multi-
tfunction layer 204 a, the second multi-function layer 2045 and
the flexible substrate 250 according to any one of configura-
tions illustrated above to avoid water and/or oxygen infiltrat-
ing via the top side and lateral sides of the first multi-function
layer 204qa, the second multi-function layer 2045 and the
flexible substrate 2350.

As indicated in FIG. 24H, the loop barrier structure 2044
comprises a top water/oxygen barrier layer 2204, a peripheral

water/oxygen barrier layer 220e and a bottom water/oxygen

barrier layer 220/. The bottom water/oxygen barrier layer
2207 1s disposed under a bottom side of the flexible substrate
250 to avoid water and/or oxygen infiltrating via the bottom
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side of the first multi-function layer 204qa, the second multi-
function layer 2045 and the tlexible substrate 250.

Twenty-Second Embodiment

FIG. 25 1s a schematic diagram of a touch sensing film
structure 200 disposed on a tlexible display 260. The touch
sensing film structure 200 can adopt one of the touch sensing
film structures 101~121 disclosed in any of the above
embodiments. The touch sensing film structure 200 is dis-
posed on the flexible display 260 with the front surface 200a
or the back surface 2005 facing the tlexible display 260. The
water/oxygen barrier layer 220 can be an 1nverse U-shaped
structure to avoid water/oxygen filtrating to the flexible dis-
play 260 via stacked layers and the flexible substrate 250.

The touch sensing film structure 200 can be directly
bonded on the flexible display 260 through one adhesive layer
262 only. Since there 1s no need to bond each layer by using
adhesive, the problem of poor yield rate in bonding each layer
can thus be resolved. In an embodiment, the touch sensing
film structure 200 can be two, three, four or five-layered
structure formed by stacking the touch-sensitive device layer
210, the water/oxygen barrier layer 220, the circular polariz-
ing layer 230 and/or the color filter layer 240 with the tlexible
substrate 250. Since the touch sensing film structure 200 does
not require any adhesive layers, the thickness H of the touch
sensing {1lm structure 200 can thus be reduced. For instance,
the thickness H can be smaller than 100 um. In an embodi-
ment, the thickness H can be smaller than 50 um.

The touch sensing film structure disclosed in above
embodiments can be used in a flexible display to form a
super-thin multi-function flexible touch sensing film struc-
ture. For instance, the flexible display, such as a white light
organic light emitting diode (OLED) display, 1s formed by
integrating a touch-sensitive device layer, a water/oxygen
barrier layer, a color filter layer and a circular polarizing layer,
and possesses touch-sensitive, water/oxygen barrier, ambient
light shielding (such as anti-glare) and color light filtering
functions. Besides, the tlexible display, such as a color OLED
display, 1s formed by integrating a touch-sensitive device
layer, a water/oxygen barrier layer and a circular polarizing
layer, and possesses color displaying, touch-sensitive, water/
oxygen barrier, ambient light shielding (such as anti-glare)
functions.

It will be apparent to those skilled 1n the art that various
modifications and varniations can be made to the disclosed
embodiments. It 1s intended that the specification and
examples be considered as exemplary only, with a true scope
of the disclosure being indicated by the following claims and
their equivalents.

What 1s claimed 1s:

1. A touch sensing film structure, comprising;:

a touch-sensitive device layer;

a water/oxygen barrier layer integrated with the touch-
sensitive device layer to form a multi-function laver,
wherein the water/oxygen barrier layer comprises a top
water/oxygen barrier layer and a peripheral water/oxy-
gen barrier layer, respectively covering a top side and
lateral sides of the touch-sensitive device layer; and

a flexible substrate stacked with the multi-function layer.

2. A touch sensing film structure, comprising:

a touch-sensitive device layer;

a water/oxygen barrier layer integrated with the touch-
sensitive device layer to form a multi-function layer; and

a flexible substrate stacked with the multi-function
layer; and
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a top water/oxygen barrier layer and a peripheral water/
oxygen barrier layer, respectively covering a top side
and lateral sides of the touch-sensitive device layer, the
water/oxygen barrier layer and the flexible substrate.

3. The touch sensing film structure according to claim 2,
turther comprising a bottom water/oxygen barrier layer dis-
posed on a bottom side of the touch-sensitive device layer, the
water/oxygen barrier layer and the flexible substrate.

4. A touch sensing film structure, comprising:

a touch-sensitive device layer having a first surface and a

second surface opposite to the first surface;

a water/oxygen barrier layer and a circular polarizing
layer;

wherein, one of the water/oxygen barrier layer and the
circular polarizing layer 1s formed on the first surface or
the second surface or integrated with the touch-sensitive
device layer to form a multi-function layer, or the circu-
lar polarizing layer 1s integrated with the water/oxygen
barrier layer to form a multi-function layer; and

a flexible substrate stacked with the touch-sensitive device
layer, the water/oxygen barrier layer and the circular
polarizing layer or stacked with the multi-function layer.

5. The touch sensing film structure according to claim 4,
turther comprising a top water/oxygen barrier layer and a
peripheral water/oxygen barrier layer, respectively covering a
top side and lateral sides of the touch-sensitive device layer,
the water/oxygen barrier layer, the circular polarizing layer
and the flexible substrate.

6. The touch sensing film structure according to claim 5,
turther comprising a bottom water/oxygen barrier layer dis-
posed under a bottom side of the touch-sensitive device layer,
the water/oxygen barrier layer, the circular polarizing layer
and the flexible substrate.

7. A touch sensing {ilm structure, comprising;:

a touch-sensitive device layer having a first surface and a

second surface opposite to the first surface;

a water/oxygen barrier layer and a color filter layer;

wherein, one of the water/oxygen barrier layer and the
color filter layer 1s formed on the first surface or the
second surface or integrated with the touch-sensitive
device layer to form a multi-function layer, or the water/
oxygen barrier layer 1s integrated with the color filter
layer to form a multi-function layer; and

a flexible substrate stacked with the touch-sensitive device
layer, the water/oxygen barrier layer and the color filter
layer or stacked with the multi-function layer.

8. The touch sensing film structure according to claim 7,
turther comprising a top water/oxygen barrier layer and a
peripheral water/oxygen barrier layer, respectively covering a
top side and lateral sides of the touch-sensitive device layer,
the water/oxygen barrier layer, the color filter layer and the
tflexible substrate.

9. The touch sensing film structure according to claim 8,
turther comprising a bottom water/oxygen barrier layer dis-
posed under a bottom side of the touch-sensitive device layer,
the water/oxygen barrier layer, the color filter layer and the
tflexible substrate.

10. A touch sensing film structure, comprising:

a touch-sensitive device layer having a first surface and a

second surface opposite to the first surface;

a water/oxygen barrier layer, a circular polarizing layer and
a color filter layer;
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wherein, one of the water/oxygen barrier layer, the circular
polarizing layer and the color filter layer 1s formed on the
first surface or the second surface or integrated with the
touch-sensitive device layer to form a multi-function
layer, or two of the water/oxygen barrier layer, the cir-
cular polanizing layer and the color filter layer are inte-
grated to form a multi-function layer; and

a tlexible substrate stacked with the touch-sensitive device
layer, the water/oxygen barrier layer, the circular polar-
1zing layer and the color filter layer or stacked with the
multi-function layer.

11. The touch sensing film structure according to claim 10,
further comprising a top water/oxygen barrier layer and a
peripheral water/oxygen barrier layer, respectively covering a
top side and lateral sides of the touch-sensitive device layer,
the water/oxygen barrier layer, the circular polarizing layer,
the color filter layer and the flexible substrate.

12. The touch sensing {ilm structure according to claim 11,
further comprising a bottom water/oxygen barrier layer dis-
posed under a bottom side of the touch-sensitive device layer,
the water/oxygen barrier layer, the circular polarnizing layer,
the color filter layer and the flexible substrate.

13. A touch sensing film structure, comprising;:

a touch-sensitive device layer;

a water/oxygen barrier layer, a circular polarizing layer and

a color filter layer;

wherein, two of the touch-sensitive device layer, the water/
oxygen barrier layer, the circular polarizing layer and
the color filter layer are integrated to form a first multi-
function layer, and the other two are integrated to form a
second multi-function layer, or three or all of the touch-
sensitive device layer, the water/oxygen barrier layer,
the circular polarizing layer and the color filter layer are
integrated to form a multi-function layer; and

a tlexible substrate stacked with the first multi-function
layer and the second multi-function layer or stacked
with the multi-function layer with three or all functions.

14. The touch sensing film structure according to claim 13,
further comprising a top water/oxygen barrier layer and a
peripheral water/oxygen barrier layer, respectively covering a
top side and lateral sides of the touch-sensitive device layer,
the water/oxygen barrier layer, the circular polarizing layer,
the color filter layer and the flexible substrate.

15. The touch sensing film structure according to claim 14,
further comprising a bottom water/oxygen barrier layer dis-
posed under a bottom side of the touch-sensitive device layer,
the water/oxygen barrier layer, the circular polanizing layer,
the color filter layer and the flexible substrate.

16. A touch sensing film structure, comprising:

a touch-sensitive device layer having a first surface and a

second surface opposite to the first surface;

a water/oxygen barrier layer formed on the first surface or
the second surface, the water/oxygen barrier layer com-
prising a top water/oxygen barrier layer and a peripheral
water/oxygen barrier layer respectively covering a top
side and lateral sides of the touch-sensitive device layer;
and

a flexible substrate stacked with the water/oxygen barrier
layer and the touch-sensitive device layer.
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